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Abstract
Various streamflow characteristics were estimated for water-reservation purposes for 17 sites in the lower Missouri River Basin and four sites in the Little Missouri River Basin in Montana. The characteristics were mean monthly and annual streamflow and monthly mean streamflow that is exceeded 90, 80, 50, and 20 percent of the time. In addition, dominant-discharge hydrographs were estimated for 10 of the 17 sites in the lower Missouri River Basin and for all four sites in the Little Missouri River Basin. Dominant discharge, generally defined as the bankfull discharge, was considered to be equal to the peak discharge having a recurrence interval of two years.
Monthly streamflow characteristics generally were based on a common 1937-86 base period. A mixed-station record-extension program was used to estimate missing flow data during the base period for streamflow-gaging stations.
Two methods were used to estimate characteristics at ungaged sites. One method was based on correlating miscellaneous discharge measurements at the estimating site with concurrent daily mean discharges at a nearby gaged site. The second method was based on using a drainage-area ratio to transfer streamflow characteristics at a gaged site to the estimating site.
Dominant discharges for gaged sites were obtained from a previous flood-frequency report or by fitting a log-Pearson Type 3 probability distribution to recorded peak-flow data. A drainagearea-ratio adjustment was used to transfer dominant discharges from gaged sites to ungaged sites. Dominant-discharge hydrographs were determined from visual examination of recorded hydrographs having maximum daily discharges that were relatively close to the estimated dominant discharges.
INTRODUCTION
The surface-water supply for most tributary streams in the lower Missouri and Little Missouri River Basins in Montana is seasonally variable and generally unable to satisfy demands of all users. To allocate the remaining finite supply among the competing users, the State of Montana developed an administrative process enabling governmental agencies to reserve surface water for existing and future beneficial uses. Among the uses for which water may be reserved are fish, wildlife, and recreation. To establish an instream-flow reservation for these uses, the Montana Department of Fish, Wildlife and Parks (DFWP) needs to determine various streamflow characteristics. The U.S. Geological Survey (USGS) previously determined monthly streamflow characteristics for several hundred sites in the upper Missouri River Basin (Parrett and others, 1989) for water-reservation purposes. The USGS, in cooperation with DFWP, conducted the study reported here to determine streamflow characteristics at 17 sites in the lower Missouri River Basin and 4 sites in the Little Missouri River Basin for which water reservations are requested.
PURPOSE AND SCOPE
The purpose of this report is to present the estimated streamflow characteristics and data for the dominant-discharge hydrographs and to describe the methods used to make the estimates for 21 selected sites in the lower Missouri and Little Missouri River Basins in Montana. The estimates include (1) mean monthly and annual streamflow; (2) various points on the monthly mean stream flow-duration curve (monthly mean streamflow that is exceeded 90, 80, 50, and 20 percent of the time) for all 21 selected sites; and (3) dominant-discharge hydrographs for 14 of the 21 sites where DFWP considered the maintenance of existing stream-channel morphology to be important for waterreservation purposes. To ensure that estimates of monthly and annual streamflow were consistent with estimates previously made for the upper Missouri River Basin (Parrett and others, 1989) , the common base period used in the previous study (water years 1937-86) was also used in this study. The dominantdischarge hydrograph at each of the 14 sites was based on a hydrograph duration of 14 or 21 days and a maximum daily discharge equal to the dominant (bankfull) discharge. The dominant discharge was assumed to be equal to the peak discharge having a recurrence interval of 2 years.
Monthly streamflow characteristics were estimated for 17 sites in the lower Missouri River Basin between Fort Peck Lake and the Montana-North Dakota border and 4 sites in the Little Missouri River Basin in Montana ( fig. 1 ). Of the 21 selected sites, 7 are located at streamflow-gaging stations having continuous-record streamflow data, 2 have miscellaneous discharge-measurement data, and 12 have no flow data, although a streamflow-gaging station is located on the same stream upstream or downstream from each of the 12 sites. Three of the estimation sites (18, 20, and 21 ) are located at the Montana border. Streamflow-gaging stations are located just downstream from all three sites, and the gaged streamflows are considered to be equivalent to those at the border. Streamflow data from nearby streamflow-gaging stations were used to estimate monthly streamflow characteristics at the 2 sites having only miscellaneous measurements and the 12 sites having no streamflow data. Of the 14 sites selected for the determination of dominant-discharge hydrographs, 10 are in the lower Missouri River Basin and 4 are in the Little Missouri River Basin. None of the 10 sites in the lower Missouri River Basin have gaged data, but a streamflow-gaging station is located on the same stream upstream or downstream from each of the 10 ungaged sites. Although all four sites in the Little Missouri River Basin have gaged data, data from one gaged site (site 21) were not used to determine a dominant-discharge hydrograph because streamflow during the short period of record was considered to be unrepresentative of long-term hydrologic conditions. Recorded streamflow data from a streamflow-gaging station on the same stream were used to estimate dominant-discharge hydrographs at each of the 10 ungaged sites and the site having a short period of record. The locations of the estimation sites and the nearby streamflow-gaging stations used for estimation purposes are shown on figure 1. The sites, types of streamflow data available, and whether dominant-discharge hydrographs were estimated are shown in table 1. The estimated monthly streamflow characteristics at the sites are presented in table 7 at the back of the report, and daily mean discharges from the estimated dominant-discharge hydrographs are presented in table 8. at the back of the report.
ESTIMATES OF MONTHLY STREAM-FLOW CHARACTERISTICS
The 7 streamflow-gaging stations for which monthly streamflow characteristics were estimated and the 11 nearby gaging stations used for estimation have variable record lengths as shown in table 2. To ensure that estimated monthly streamflow characteristics were representative of the same general hydrologic conditions, a common base period of record was developed for 16 of the 18 stations using a streamflow record-extension program (Alley and Burns, 1983 ) that was previously used for the study in the upper Missouri River Basin. Monthly streamflow characteristics at the 2 mainstem Missouri River sites (sites 1 and 17) were based on the period since Fort Peck Lake was substantially filled and became operational (1943) . After streamflow records were extended to the common base period, two general methods, the concurrentmeasurement method and the drainage-area-ratioadjustment method, were used to estimate monthly streamflow characteristics at ungaged sites. Both methods are based on the use of monthly streamflow characteristics at gaged sites to estimate those characteristics at ungaged sites.
Development of the common base period, 1937-86 water years
As described by Alley and Bums (1983) , the streamflow record-extension program is a mixedstation program that selects the best base station from all the available streamflow-gaging stations in a region to estimate each month of missing streamflow record at a site. The criterion for selection is to use the base station that results in the smallest standard error of prediction for that station for that month. Only stations with streamflow record for a particular month were used to estimate missing values at other sites for that month; previously estimated monthly flows were not used to estimate any missing flows. To make full use of recorded flow data before 1937 and after 1986, the record-extension program was used to estimate missing monthly flows at all 18 stations for the period 1906-90. All estimated and recorded flows for the periods 1906-36 and 1987-90 Table 4 shows the number of monthly flows estimated for each of the 18 stations (including the 2 mainstem Missouri River sites) using the streamflow recordextension program and the average standard error of prediction.
The average standard error of prediction shown in table 4 is the average across all months. The average standard error of prediction ranged from 18.6 percent to 176.5 percent. The number of monthly flows estimated by the streamflow-record extension program at each of the 18 sites ranged from 0 to 600. For the streamflow-gaging station, Little Box Elder Creek at mouth, near Havre (06141600), all 600 monthly flows in the base period were estimated. The only recorded flows at this station were 48 values outside the base period. At 5 other stations, more than 500 monthly flows out of the 600 in the 1937-86 base period were 1987-903 1984-903 1906-21; 1944; 1984-903 1967-90 1917-903 1983-90 1920-21; 1981-903 1916-17; 1956-77; 1978-903 1976- 1909-86 1982-86 1976-86 1977-82:1985-86 1927-39 1918-20 1946-54;l984-86 1966-86 1906-23;1954-86 1918-22 1984-86 1918-21;1923-26;1934-51 1917-86 1927-77 1927-71;1973-77 !960-69;1983-86 1972-86 !9l8-22;195l-73;l982-86 1983-86 1906-22 1927-80 1917-86 1978-86 1967-69:1976-82 1918-21 1914-16:1927-62 1914-17;1927-62 1924-77 1965-73 1906-07:1912-20 1915-25:1928-39; 1970-73:1983-86 1974-77:1987-86 1954-86 1940-86 1908-25:1982-86 1976-85 1908-14:1950-53:1982-86 1929-86 1929-72;1975-84;1986 1935-40:1975-80 1935-49 1934-47 1908-25;1947-69;1975-79;1982-86 1947-72 1979-86 1908-22 1911-25;1928-32;1935-69 1957-86 1961-73 1938-79 1938-69:1979-83 1921:1938-69:1979-83 estimated using the streamflow-record extension program.
To determine the effect that a large average standard error of prediction coupled with a short record length might have on monthly streamflow characteristics based on a long extended record, the streamflowrecord extension program was tested at one station. As shown in table 4, Little Beaver Creek near Marmarth, N. Dak. (06335000) had a large standard error of prediction (135.9 percent) but a relatively long record length (only 84 out of 600 monthly flows estimated during the 1937-86 base period). The period of record at station 06335000 used for the test was 1939-79. Monthly mean flows exceeded 90, 50, and 20 percent of the time (Q.90, Q.50, and Q.20, respectively) were calculated based on the 1943-79 period (excluding the 48 months of recorded flows prior to 1943). Then, assuming that the only recorded flows available for use in the streamflow-record extension program were the 48 monthly values for the 1939-42 period, all flows for station 06335000 during the 1943-79 period were estimated using the streamflow-record extension program. Q.90, Q.50, and Q.20 were then calculated based on the estimated flows for the 1943-79 period and compared to those calculated from the actual 1943-79 record. This test was considered to represent a situation similar to that for station 06141600 wherein a relatively small number of recorded flows (48) were available only for a period outside the selected base period. In one sense, the test represents a "worst case" situation because the standard error of prediction for station 06335000 (135.9 percent) is substantially larger than that for station 06141600 (77.2 percent).
The results of the test are displayed in figure 2. Figure 2A shows the comparison between a low-flow characteristic (Q.90) calculated from the actual 1943-79 record and that calculated from the extended record. For most months, the differences between Q.90 from the actual record and Q.90 from the extended record are within 1.0 cubic foot per second or less. The single exception is for the high-runoff month of June where the difference is about 4.0 cubic feet per second. For a medium-flow characteristic (Q.50), figure 2B shows that the only two months having a significant difference between Q.50 from the actual record and Q.50 from the extended record are the high-runoff months of March and June. The largest difference occurs in June and is about 30 cubic feet per second. Figure 2C period. Flow characteristics calculated from a completely extended record are significantly different from those calculated from actual record only for months of generally high runoff, presumably because flow characteristics for those months are sensitive to a few, large recorded flows that were not duplicated by the streamflow-record extension program.
Concurrent-measurement method
One method for estimating streamflow characteristics at an ungaged site requires a series of discharge measurements at the site. The measured discharges are correlated with concurrent discharges at some nearby, hydrologically similar, gaged site, and the relation between the discharges at the two sites is used to transfer the desired long-term streamflow characteristic at the gaged site to the ungaged site. This estimation method, referred to in this report as the concurrentmeasurement method, was used to estimate monthly streamflow characteristics for the 1937-86 base period at two sites (sites 15 and 16). Although Poplar River at Fort Peck Reservation boundary, near Scobey, Mont, (site 15) has no continuous-record of streamflow, 67 miscellaneous measurements of discharge were made from 1977 to 1981 at a site several miles downstream. The measured discharges were considered to be equivalent to discharges at the boundary and were used as a basis for the estimation of monthly streamflow characteristics at the boundary. Similarly, nine miscellaneous measurements of discharge made from 1975 to 1976 at West Fork Poplar River at Fort Peck Reservation boundary, near Four Buttes, Mont., (site 16) were used to estimate monthly streamflow characteristics at that ungaged site. The measured discharges at each site were presumed to be equivalent to daily mean discharges and were paired with concurrent daily mean discharges at the streamflow-gaging station Poplar River at International Boundary (station 06178000). The MOVE.l curve-fitting technique described by Parrett and others (1989, p. 10-13) was used to develop a relation between discharge at each ungaged site and discharge at the gaged site. The relations, expressed in the form of linear equations, are as follows: log y15 = 0.899 + 0.743 log x Iogy16 = 0.520 + 0.673 log x (1) (2) where log y^ is the base 10 logarithm of discharge at site 15 in cubic feet per second, log x is the base 10 logarithm of discharge at station 06178000 in cubic feet second, and log y 16 is the base 10 logarithm of discharge at site 16 in cubic feet per second. The correlation coefficient between discharges at the correlating station (station 06178000) and sites 15 and 16 were 0.89 and 0.93, respectively. The standard errors of estimate (standard deviations of the residuals) for equations 1 and 2 were 0.368 log units and 0.188 log units, respectively. The MOVE. 1 equations and the scatter about the lines described by the equations are illustrated by the graphs in figure 3 . The relations for concurrent daily mean discharges were presumed to be applicable also for monthly streamflow characteristics, and equations 1 and 2 were used to calculate monthly streamflow characteristics at sites 15 and 16 from monthly streamflow characteristics at station 06178000.
Drainage-area-ratio-adjustment method
A second method for estimating streamflow characteristics at an ungaged site requires continuousrecord streamflow data from a gaged site on the same stream as the ungaged site. Long-term streamflow characteristics at the gaged site are transferred to the ungaged site by multiplying the values of the characteristics at the gaged site by the ratio of the drainage area at the ungaged site to the drainage area at the gaged site. For example, if the drainage areas at the ungaged and gaged sites are 150 and 100 square miles, respectively, each desired long-term streamflow characteristic for the ungaged site would be calculated by multiplying the value of that characteristic at the gaged site by (150/ 100), or 1.5.
This method for estimating streamflow characteristics at ungaged sites, termed the drainage-arearatio-adjustment method in this report, was used to estimate monthly streamflow characteristics for 12 sites. The sites and data used for the drainage-area-ratio adjustments are shown in table 5. For the Frenchman River at mouth, near Saco (site 7), the drainage-arearatio adjustment was applied to recorded flows at the upstream gaging station, Frenchman River at International Boundary (06164000), after subtraction of flows in the Frenchman Canal near Saco (06164500).
ESTIMATES OF REPRESENTATIVE DOMINANT-DISCHARGE HYDROGRAPHS
Dominant discharges for 14 selected sites were estimated based on recorded data at the site or at a streamflow-gaging station located on the same stream. Representative hydrographs having a maximum daily discharge equal to the dominant discharge were estimated from visual examination of selected recorded (06164500) were subtracted from station 06164000 before applying drainage-area-ratio adjustment factor. hydrographs at the site or at a gaged site on the same stream.
Dominant discharge
The dominant discharge generally has been defined as the bankfull discharge (Montana Department of Fish, Wildlife and Parks, 1981; Reiser and others, 1985) . The bankfull discharge, an index discharge generally considered to be important for channel formation, has been found to have a recurrence interval of 1 to 2 years for most alluvial streams (Leopold and others, 1964) . Although the recurrence interval for the bankfull discharge has considerable site-to-site variability, the peak discharge having a recurrence interval of 2 years was used as the dominant discharge for all sites in this study. In this report, the term dominant discharge is used in place of the peak discharge having a recurrence interval of 2 years.
For each streamflow-gaging station used to estimate dominant discharge (table 6), the dominant discharge was based on recorded annual peak-flow data. For most stations, dominant discharges were obtained from a flood-frequency report by Omang (1992) . For those stations not included in the flood-frequency report, dominant discharges were determined by fitting a log-Pearson Type 3 probability distribution to recorded annual peak discharges using procedures of the Interagency Advisory Committee on Water Data (1982) as described by Omang (1992, p. 4-8) .
For each ungaged estimation site and for one gaged site (site 21) where recorded peak-discharge data were considered to be generally unrepresentative of long-term hydrologic conditions, dominant discharge was estimated by applying a drainage-area-ratio adjustment described by Omang (1992, p. 12-13) to the dominant discharge at a gaged site on the same stream. The drainage-area-ratio adjustment developed by Omang (1992) is similar to the drainage-area-ratioadjustment method used to estimate monthly streamflow characteristics, except that the drainage-area-ratio for dominant discharge is taken to some power less than 1.0. For sites in the lower Missouri River Basin, the exponent on the drainage-area ratio is 0.69, and for sites in the Little Missouri River Basin, the exponent is 0.55 (Omang, 1992, table 2) . For example, if the dominant discharge for a gaged site in the lower Missouri River Basin having a drainage area of 300 square miles was 400 cubic feet per second, and if the ungaged site on the same stream had a drainage area of 500 square miles, the estimated dominant discharge for the ungaged site would be 400 x (500/300)0-69, or 569 cubic feet per second.
Although Omang (1992) suggested that the use of a regional equation for estimation of dominant discharge might be better than the use of the drainagearea-ratio adjustment for drainage-area ratios less than 1906-21; 1952; 1986-90 1917-90 1967-69; 1974-82; 1986 1917-90 1976-85 1976-85 1931-90 1931-90 1909; 1915; 1921; 1923; 1946; 1948-1963; 1965-1969; 1975-1979; 1982-1989 1935^9; 1990 1904-06; 1957-90 1960-75 1938-79 1872; 1921; 1929; 1938-1969; 1979-1983 Drainagearea ratio 0.5 or greater than 1.5, the adjustment was used in this study for drainage-area ratios as large as 4.20 (table 6) . Because the regional equation for the estimation of dominant discharge developed by Omang (1992) had a relatively large standard error (equivalent to having only 3 years of gaged record), the authors believe that the drainage-area-ratio adjustments provided more reliable estimates of dominant discharge than did a regional equation.
Development of Representative Hydrograph
After the dominant discharge was estimated for each site, a representative runoff hydrograph of daily mean discharge was developed (fig. 4) . Although dominant discharge estimated in this study is for an instantaneous peak, the dominant discharge was also used for the maximum daily discharge for each representative hydrograph to be consistent with previous work for DFWP (Montana Department of Fish, Wildlife and Parks, 1979; 1981) . In addition, each representative hydrograph developed in this study had a duration of either 14 or 21 days to be consistent with representative hydrographs previously developed for DFWP (Montana Department of Fish, Wildlife and Parks, 1979) . Limiting representative hydrograph durations to just two values is intended to simplify administration of the water reservations.
To estimate reasonable runoff hydrographs having these characteristics, flow records for each gaged site used to determine the dominant discharge were examined, and annual hydrographs having maximum daily discharges relatively close to the dominant discharge at the estimation site were selected for further analysis. For the 14 selected sites, runoff hydrographs resulting from summer thunderstorms generally have durations that are shorter than 14 days. These runoff hydrographs were excluded from the analysis regardless of the maximum daily discharge value. Although the use of either 14-or 21-day durations for typical runoff hydrographs may seem overly restrictive, most recorded annual snowmelt runoff hydrographs that were analyzed had durations reasonably close to either 14 or 21 days. Selected hydrographs were plotted together with their maximum daily discharges in alignment on a common day so that hydrograph durations and shapes could be more easily compared (fig. 4) . The dominant discharge for the estimation site was also plotted on the same day as the maximum daily discharges for the recorded hydrographs. Visual examination was used to estimate values of daily discharge on either side of the dominant discharge such that the slopes of the rising and recession limbs of the representative hydrograph were in close agreement with the average slopes of the recorded hydrographs. In some instances, one or more recorded hydrographs may have had shapes that were significantly different from other recorded hydrographs. In these instances, the atypical recorded hydrographs either were not used to develop representative hydrographs or were given less weight in developing representative hydrographs.
On many recorded hydrographs, generally smooth hydrograph recession curves were interrupted by storm runoff. The resultant sudden increases in flow on the recession curves were ignored in the determination of representative discharge values. The representative values of daily discharge generally were visually determined average values of several recorded hydrographs. In some instances, however, the representative values of discharge were determined largely from one recorded hydrograph that was considered to be most representative of normal, long-term runoff conditions. The choice of a 14-or 21-day duration for the representative hydrograph was somewhat arbitrary, but was largely based on the following criteria: (1) the discharge values for the first and last day had to be close to base flow, and (2) the slope of the recession limb of the hydrograph had to be fairly constant so that successive values of discharge near the end of the duration were not repeated. In some instances, the first criterion was not fully met because the best value for a representative hydrograph duration was probably greater than 21 days. In some instances, the second criterion was not fully met because the best value for a representative hydrograph duration was probably less than 14 days.
The estimated dominant discharge, hydrograph duration (either 14 or 21 days), and values of discharge on the rising and recession limbs of the hydrograph were used to plot a dominant-discharge hydrograph for each site. From the plot, daily discharges were determined for each day of the selected duration period. Dominant-discharge hydrographs for two sites are compared to the selected recorded hydrographs from which they were developed in figure 5. Recorded hydrographs in figure 5 are shown on the actual days of occurrence. The dates on the dominant discharge hydrographs in figure 5 are arbitrary and were selected so that all hydrographs could be easily compared. Because estimated discharges were rounded, the dominant-discharge hydrographs shown in figure 5 are not completely smooth throughout the rising and recession limbs. As indicated in figure 5 , the dominant-discharge hydrographs are similar in shape to the recorded hydrographs and are considered to be reasonably representative of general runoff conditions at the gaged sites where the data were recorded. In one instance, Rock Creek at mouth, near Hinsdale (site 10), the selected recorded hydrographs used to develop the dominantdischarge hydrograph were for a gaged site having a drainage area less than one-fourth that of the estimation site. Although the dominant discharge was estimated based on a drainage-area-ratio adjustment, no such adjustments are available for hydrograph characteristics such as duration and slopes of the rising and recession limbs. Natural hydrographs at ungaged estimation sites thus may have different durations and shapes from those of the estimated dominant-discharge hydrographs, particularly if the difference in drainage area between the gaged and ungaged sites is large.
RELIABILITY OF ESTIMATES
Although the reliability of the estimates of monthly flow characteristics and dominant-discharge hydrographs cannot be directly measured, some inferences can be made based on findings of the previous study for the upper Missouri River Basin (Parrett and others, 1989) and the results of the test of the streamflow-record extension method described earlier.
As described by Parrett and others (1989) , estimates of monthly flow characteristics at gaged sites generally are the most accurate and, if the record spans the base period, the only error is measurement error. Measurement error is generally small and, for purposes of this report, will be ignored. On that basis, the estimated flows for the Missouri River below Fort Peck Dam (site 1) are considered to be virtually error free because the recorded flow record for the 1943-86 period is complete. For the other gaged sites, the error of estimation is due solely to the error of the record-extension method. The error of the record-extension method depends on the length of record and the average standard error of prediction. The shorter the length of actual record and the larger the average standard error of prediction, the greater the error.
The test of the streamflow-record extension method that was described earlier in this report found that the error of record extension was significant only during months of generally high runoff. Although the test was not rigorous, it did represent a probable "worst-case" situation wherein the standard error of prediction for the streamflow-record extension method was relatively large and all flows during the selected base period were estimated. The test results suggest that record-extension errors probably are not significant for most monthly streamflow characteristics for most months at streamflow-gaging stations used in the study. Parrett and others (1989) found that recordextension errors in the upper Missouri River Basin generally were less, even for record lengths as short as 5 years, than the errors resulting from estimation based on regional regression equations or the concurrentmeasurement method at ungaged sites.
For the two ungaged sites where the concurrentmeasurement method was used, the error of estimation depends upon the number of concurrent measurements and the degree of correlation between the estimation site and the nearby gaged site. Because of the greater number of measurements spanning a greater range in flow, the estimated monthly flow characteristics for Poplar River at Fort Peck Reservation boundary, near Scobey (site 15) are considered to be more reliable than the estimated monthly flow characteristics for West Fork Poplar River at Fort Peck Reservation boundary, near Four Buttes (site 16). Based on the value of the correlation coefficient, the degree of correlation between the estimation site and the gaged site was considered to be relatively good.
The reliability of the estimated monthly flow characteristics for sites where the drainage-area-ratioadjustment factor was used is primarily dependentupon the difference in hydrologic characteristics between the gaged and ungaged sites. To the degree that the difference in hydrologic characteristics is related to drainage area difference, the reliability depends upon the drainage-area ratio. For sites where the drainage-area ratio is close to 1.0, the reliability of flow estimates is considered to be almost as good as for gaged sites. For sites where the ratio is less than about 0.5 or greater than about 1.5, the reliability is considered to be significantly less than for gaged sites.
The reliability of the estimated dominantdischarge hydrographs is difficult to determine because there is no single runoff hydrograph to which each dominant-discharge hydrograph can be compared. Statements about the reliability of dominant-discharge hydrograph estimates thus are more general than for estimates of monthly flow characteristics. In general, the estimated dominant-discharge hydrographs for gaged sites are considered to be more reliable than those for ungaged sites. As noted previously, however, the dominant-discharge hydrograph for site 21 (Beaver Creek near Trotters, N. Dak.), was based on a different streamflow-gaging station than the one near the site. In this instance, considering the site to be ungaged and using the drainage-area-ratio adjustment provided a more reliable dominant-discharge hydrograph than did the gaged record.
For ungaged sites in general, the closer the drainage-area ratio is to 1.0, the more reliable is the estimated dominant discharge. On that basis, the estimated dominant discharges for Battle Creek at mouth, near Chinook (site 5) and Redwater River near Vida (site 12) are considered to be the most reliable, and the estimated dominant-discharge for Rock Creek at mouth, near Hinsdale (site 10) is considered to be the least reliable. The reliability of the dominant-discharge hydrographs is also related to the number of recorded hydrographs used for visual comparison and the degree of similarity among them. On that basis, the dominantdischarge hydrograph for Redwater River near Vida, although having one of the more reliable dominant discharge estimates, is one of the least reliable hydrographs overall because the recorded hydrographs used for visual comparison had widely varying shapes. On the other hand, the dominant-discharge hydrograph for West Fork Poplar River at Fort Peck Reservation boundary, near Four Buttes (site 16) is considered to be one of the most reliable because the recorded hydrographs on which it is based had fairly consistent hydrograph shapes.
SUMMARY
To establish an instream-flow reservation in the lower Missouri River and Little Missouri River Basins for fish, wildlife, and recreation purposes, DFWP requires information about various streamflow characteristics. USGS, in cooperation with DFWP, conducted a study to determine streamflow characteristics at 17 sites in the lower Missouri River Basin and 4 sites in the Little Missouri River Basin in Montana. Mean monthly and annual streamflow and monthly mean streamflow exceeded 90, 80, 50, and 20 percent of the time was estimated for all 21 sites. Streamflow-gaging stations were located at 7 of the selected sites, and the streamflow record was used as a basis for determining the monthly streamflow characteristics. For each of the 14 ungaged sites, streamflow records from nearby gaging stations were used as a basis for estimating streamflow characteristics.
For all sites but two on the Missouri River mainstem, the streamflow estimates were based on a common 1937-86 base period. For the two Missouri River sites, streamflow characteristics were estimated based on the period of record since Fort Peck Lake was substantially filled and became operational . A streamflow record-extension program was used to estimate missing values of monthly flow during the 1937-86 base period at streamflow-gaging stations used to estimate flow characteristics at the selected sites.
For two ungaged sites in the Poplar River Basin, miscellaneous measurements of discharge were correlated with concurrent daily mean discharges at the streamflow-gaging station Poplar River at International Boundary (station 06178000) using the MOVE.l curve-fitting technique. The resultant log-linear equations relating discharge at the ungaged sites to discharge at the Poplar River at International Boundary were used to estimate monthly streamflow characteristics at the ungaged sites.
For each of the other 12 ungaged sites, monthly streamflow characteristics at a streamflow-gaging station located on the same stream were used to estimate monthly streamflow characteristics at the ungaged site using a drainage-area-ratio-adjustment method. The ratio of the drainage area at the ungaged site to the drainage area at the gaged site was multiplied by the value of each monthly streamflow characteristic at the gaged site to estimate the value of the characteristic at the ungaged site. An adaptation of the drainage-arearatio-adjustment method was used to estimate monthly streamflow characteristics for Frenchman River at mouth, near Saco. For this site, the drainage-area-ratio adjustment was applied to streamflow characteristics developed from flow records at Frenchman River at International Boundary (station 06164000) minus flow records for Frenchman Canal near Saco (station 06164500). Dominant-discharge hydrographs were estimated for 10 ungaged sites in the lower Missouri River Basin and 4 gaged sites in the Little Missouri River Basin. The dominant discharge was considered to be equivalent to the peak discharge having a recurrence interval of 2 years and, for 3 of the 4 gaged sites, was determined from recorded data at the streamflowgaging stations. For each of the 10 ungaged sites and 1 gaged site, the dominant discharge was determined by multiplying the dominant discharge at a gaged site on the same stream by a drainage-area-ratio adjustment. Dominant discharges at all gaged sites were obtained from a USGS flood-frequency report or by fitting a logPearson Type 3 probability distribution to the recorded data.
For each of the 14 selected sites, the dominant discharge was used as the maximum daily discharge for the dominant-discharge hydrograph. Visual examination of selected recorded hydrographs from each gaged site used to determine dominant discharge was used to determine the duration and daily mean discharges on the rising and recession limbs of the dominantdischarge hydrograph.
Based on results of a previous study for the upper Missouri River Basin, the estimates of monthly streamflow characteristics are considered to be most reliable for gaged sites. Ignoring measurement error, estimates for one Missouri River site (site 1) are virtually error free because the estimates are based on gaged records with no months of missing flow data. The reliability of the monthly streamflow estimates for two sites (sites 15 and 16) using the concurrent-measurement method is considered to be almost as good as that for gaged sites. Likewise, the estimates of monthly streamflow based on the drainage-area-ratio-adjustment method for sites where the drainage-area ratios are close to 1.0 are considered to be almost as reliable as those for gaged sites.
The reliability of the estimated dominantdischarge hydrographs is difficult to assess. In general, the estimates made at gaged sites are better than those made for ungaged sites except for Beaver Creek at Montana-North Dakota border (site 21). At ungaged sites, the closer the drainage-area ratio is to 1.0 the more reliable is the estimate for dominant discharge. The reliability of representative hydrographs developed from recorded hydrographs generally is related to the degree of similarity of the recorded hydrographs and the distance from the estimation site to the gaged site. 
